The Relationship of Ground-Water to the Dishcarge of the Sheyenne River Between Sheyenne and Warwick, North Dakota by Overmoe, Terry H.
University of North Dakota
UND Scholarly Commons
Undergraduate Theses and Senior Projects Theses, Dissertations, and Senior Projects
1956
The Relationship of Ground-Water to the
Dishcarge of the Sheyenne River Between
Sheyenne and Warwick, North Dakota
Terry H. Overmoe
Follow this and additional works at: https://commons.und.edu/senior-projects
This Thesis is brought to you for free and open access by the Theses, Dissertations, and Senior Projects at UND Scholarly Commons. It has been
accepted for inclusion in Undergraduate Theses and Senior Projects by an authorized administrator of UND Scholarly Commons. For more
information, please contact zeineb.yousif@library.und.edu.
Recommended Citation
Overmoe, Terry H., "The Relationship of Ground-Water to the Dishcarge of the Sheyenne River Between Sheyenne and Warwick,
North Dakota" (1956). Undergraduate Theses and Senior Projects. 11.
https://commons.und.edu/senior-projects/11
THE RELATIONSHIP OF GROUND~WATER 
TO THE DISCHARGE OF THE SHEYENNE RIVER 
BETWEEN SHEYENNE AND WARWICK , NORTH DAKOTA 
A Thesis 
Presented to 
the Faculty of the Department of Geology 
University of North Dakota 
In Partial Fulfillment 
of the Requirements for the Degree 
Bachelor of Science of Geology 
by 
Terry H. Overmoe 
January 1956 
I : 
e 
e 
I. Introduction 
A. Purpose and Scope 
B., Location 
c. Description 
OUTLINE 
II. Factors considered in problem 
A. Discharge measurements 
B. Precipitation 
c. Evaporation 
D. Transpiration 
III. Differential between stations 
IV. Conclusion 
A. Amount of inflow 
B. Economic value 
TABLE OF CONTENTS 
Page 
Introduction • • • • • • .. • • • .. . • • • • • • • • • 1 
Purpose and Scope 
• • • • • • • • • • • • • • • 1 
.. 
Location • • • • • • • • • • • • • • • • • • • 1 
Description • • • • • • • • • • • • • • • • . • 3 
Factors considered in prob lem 
• • • • • • • • • • • 3 
Discharge measurements • • • • • • • • • • • • 3 
Precipitation • • • • • • • • • • • • • • • • • 10 
Evaporation • • • .. • • . • • • • • • • • • • • 10 
Transpiration • • • • • • • • • . • • • • • • • 12 
Differential between stations • • . • • • • • • • • 13 
Conclusion • • • • • • • • • • • • • • • . • • • • • 17 
Amount of inflow • • • • • • • • • • • • • . • 17 
Economic value .. • • • . • • • • • • • • • • • 17 
TABLE OF ILLUSTRATIONS AND CHARTS 
Location map of Warwick- Sheyenne area •••••• • • • 
Page 
2 
Discharge of Sheyenne River in cubic feet per second • 6 
Hydrographs - Sheyenne River . 
• • • • • • • • . . . . 7 
Daily precipitation - Sheyenne , North Dakota •• 
• • • 11 
Daily temperature - Devils Lake , North Dakota •• •• • 14 
Cross- section of Sheyenne River Valley . . . . • • • • 19 
ABSTRACT 
The discharge of the Sheyenne River greatly 
increases between the government check points at 
Sheyenne and near Warwick because of ground water in~ 
flow. It is probable that this water lost to the stream 
could be controlled and used by towns of the area. 
THE RELATIONSHIP OF GROUND-WATER 
TO THE DISCHARGE OF THE SHEYENNE RIVER 
BETWEEN SHEYENNE AND 'WARWICK, NORTH OAK.OT 
INTRODLCTION 
The purpose and scope of this paper is to 
review factors involving stream flow on the Sheyenne River 
between Sheyenne and Warwick in North Dakota. A map with 
the location of this area is shown on page two. It is 
believed that water from the water table of the area is 
discharged into the stream between the two towns. With 
the aid of information gathered by government sources, 
an attempt will be made to determine the approximate 
amount of ground water discharged into the Sheyenne River. 
If the amount of ground water is sufficient, towns and 
cities in the region may use this as a source for their 
water supply in the future. 
The problem to be studied includes the river 
channel between two government gage height stations--one 
near Sheyenne and the other close to Warwick. The location 
of the Sheyenne station is in NE~ sec. 5, T. 150N., R. 66W., 
at recreation-pond dam, one mile north of Sheyenne. The 
Warwick station is on the south quarter of the line be-
tween sections 15 and 16, T. 150 N_, R. 63 w., on the 
left bank of the downstream side of a highway bridge 3.3 
-e 
SHEYENNE STATION 
L-
P Cf'NORTH DAKOTA SHOWING THE LOCATION OF THE WARWICK-SHEYENNE AREA 
I\) 
e 
miles south of Warwick~ 1 The length of the stream channel 
between the two points is 40 miles . The Sheyenne River 
between the two points may be described as a slow sluggish 
stream. It averages about 30 feet wide and is up to 5 feet 
deep. ( Stream flow is quite slow for the size of the 
1k 
channel . ) ' In many places , there are water weeds growing 
in the river , while marsh grass is found on both sides 
of the Sheyenne . 
FACTORS CONSIDERED IN PROBLEM 
DISCHARGE MEASUREMENT 
The United States Government has kept records 
of discharge measurements on the Sheyenne River for a 
number of years . Records for the Sheyenne station for 
the periods April , 1929 , to June , 1933 , and from October , 
1939 to September , 1951 are available This station was 
discontinued in 1951 in favor of a better location near 
Warwick. The Warwick station was first put in operation 
in October , 1949 and is still running at the present . 
Both stations were in use for an overlap period from 
October , 1949 to September , 1951 It is during this overlap 
period that a comparison between the two stations can be 
made. The month of October , 1950 was chosen for the 
1Geological Survey Water~Supply Paper 1208 , United 
States Government Printing Office, Washington: 1953 . 
3 
comparison in this paper because it best exemplifies the 
difference in discharge during a period when the other 
factors involved are at a minimum of variability. 
To study stream discharge, a site for a station 
must first be chosen. This site must be upstream from the 
"control." "The control designates a feature downstream 
from the gage (or station) that determines the stage-
discharge relation at the gage. This feature may be a 
natural constriction of the channel, a long reach of the 
2 
channel, or an artificial structure." The control at the 
Warwick station is a rubble masonry dam, while at the 
I 
Sheyenne station itis recreation-pond dam-
When the station is put into operation, the mean 
gage height of the stream must be determined for each day. 
When the Sheyenne station was being used, a stick gage was 
read once daily by a local observer. At the Warwick 
station a water-stage recorder is used. The latter method 
consists of a well along. side the stream with the water 
level of both the stream and the well being equal. A 
small house above the well contains the recording equipment, 
and records for a month or more may be obtained with no 
one attending the instruments. This is possible by using 
a weight driven clock which pulls a roll of grid paper 
under a pen The pen is attached by a wire to a float 
within the well itself. An ink line is then drawn on the 
2Ibid. 
4 
grid paper which plots time (determined by the clock) 
against gage height (determined by the float in the well.) 
The mean gage height for each day may then be computed 
from the recording chart 
About every month, or more often during floods, 
the stream discharge is measured above the control by a 
hydraulic engineer. His stream gaging equipment is a 
meter and a stop watch. The meter has a cupped horizontal 
wheel which turns in the water. Each meter has a rating 
table and when the revolutions and time element are known, 
the table can be used to find the velocity of the stream. 
At the end of the water year, a curve is drawn 
plotting gage height against the . discharge measurements. 
With the aid of this constructed curve and the gage heights 
for each day, the dischaige can be determined for each day. 
The discharge per day at the Sheyenne and 
Warwick stations on the Sheyenne River, as given on page 
six were determined by the preceding methods. Also the 
hydrographs as shown on page seven were constructed by 
plotting this discharge in cubic feet per second against 
days of flow. A curve of this nature is very useful when 
comparing two or more stations on the same river. The 
highs and lows of each curve should come at approximately 
the same time. The curve is also useful because an idea 
5 
of the cause of the discharge may be had by simply inspecting 
the hydrograph rather than comparing data. 
DISCHARGE IN CUBIC FEET PER SECOND 
October, 1950 
Sheyenne River Sheyenne River 
near near 
Days Sheyenne, N. D. Warwick, N. D. 
1 0 12 
2 .2 19 
3 .2 16 
4 .1 13 
5 0 13 
6 .9 18 
7 .9 16 
8 .9 13 
9 .9 16 
10 .9 19 
11 .9 12 
12 .1 9 
13 0 11 
14 .9 12 
15 0 11 
16 0 9 
17 0 8 
18 .9 8 
19 .2 8 
20 .2 8 
21 .9 8 
22 1.6 11 
23 .9 12 
24 .1 11 
25 .1 8 
26 0 11 
27 0 12 
28 0 13 
29 0 11 
30 0 11 
31 0 12 
Total 11.8 371 
Mean 0.38 12.0 
Acre-feet 23 736 
Geological Survey Water- Supply Paper 1208 , United 
States Government Printing Office , Washington: 1953 
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Three-cycle logarithmic graph paper was used to 
plot the two hydrographs on page seven. This scale has the 
effect of exaggerating the lower curve and condensing the 
upper curve so that they may be better compared. If an even 
scale had been used, the Sheyenne curve would have been so 
small below the Warwick Curve that no comparison could 
have been made. 
The discharge for the Sheyenne station is assumed 
to be normal run-off until it goes dry at the end of 
October, while at Warwick the discharge during the first 
part of the hydrograph is due to normal run-off, but the 
second part is due to ground water inflow. This is one of 
the main points of the paper and will be discussed later 
under differentials of data between stations. 
At certain times, the curve takes steep dips 
and discharge is retarded or even stopped completely, but 
only for a day or two. Some of these dips are caused by 
ice storage and "backwater." When the temperature drops 
below freezing, some of the water causing normal discharge 
discharge is frozen and goes into ice storage. 11 Back-
water is that condition of stream flow in which the 
velocity for steady flow gradually diminishes downstream 
and is manifested by the peculiar characteristic slope 
(downwards) of the water surface in the direction of 
flow, which is always less then the surface slope that 
8 
3 
would occur if backwater was not present." In this case, 
the ice cover holds the water back and causes backwater. 
The transition period of warm and cold days between normal 
flow and freeze-up is the cause of some of the fluctuation 
of the hydrograph. 
The base flow of a stream is the groundwater 
level of the area. When the stream is affected by pre-
cipitation or spring run-off, the stage is above the base 
flow . As the run-off continues, the level of the stream 
gradually approaches the ground water level until the base 
flow is reached. On the Warwick station hydrograph, it 
can be seen that the normal run-off of the Sheyenne River 
gradually decreases until it reaches the base flow about 
the middle of October. The groundwater or base flow is 
also being decreased slightly because of normal ground-
water used by plants and by spring flow. After the first 
heavy freeze, most of the aquatic and vegetal growth is 
killed off and they no longer drain the supply of ground-
water. Therefore, the base level of the Sheyenne River is 
raised several feet after the first heavy freeze. If it 
had not been for the killing frost, the base level, 
according to accumulated data, would have continued on as 
shown by the dotted line at the end of the month. 
3Geological Survey Water-Supply Paper 888, United 
States Government Printing Office, Washington: 1943. 
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PRECIPITATION 
Precipitation will affect the Sheyenne River only 
by the amount that actually runs off the land surface • 
10 
. Another reason why the month of October was chosen is because 
it is a month of limited rainfall. Also there are very 
few thundershowers and the soil absorbs much of the pre-
cipitation at this time of the year . From the precipitation 
chart on page 11, it is evident that rainfall on the second 
and sixth of October are the only times the discharge 
would have been affected . But this chart is a record at 
Sheyenne only and it is possible that precipitation could 
have occurred at some other loca t ion and s t ill affect the 
discharge of the river . Therefore , we must use the hydro-
graph on page seven to estimate the precipitation runoff. 
As stated before, the amount of discharge above 
the base flow or ground - water level is due to run- off. 
On the Warwick hydrograph, the first seventeen days have 
an average discharge of 5.4 cubic feet per second of 
run-off above the base flow . This is a total estimate of 
91.8 second foot days, or 182 acre feet of water that 
entered the Sheyenne River in October. 
EVAPORATION 
Evaporation is another factor which is difficult 
to estimate, but which must be considered . The weather 
station at Riverdale, North Dakota is the closest point 
DAILY PRECIPITATION 
SHEYENNE, NORTH DAKOTA 
October, 1950 
l 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
Total 
Precipitation 
.36 
.15 
.03 
.02 
.04 
.60 
United States Department of Commerce, Climatological 
Data North Dakota, October, 1950, Vol. LIX, No. 10, 
Kansas City: 1950 
11 
from which evaporation data is available . The total for 
the month of October, 1950 at Riverdale was 4 . 05 inches; 
therefore, an evaporation estimate of four inches will be 
used for the distance between Sheyenne and Warwick . The 
40 miles of river between these points averages about 30 
feet in width and has a total water surface of 6,336,000 
square feet or 145 . 4 acres . This means that an estimated 
total of 48 acre feet of water was lost to evaporation 
during the month . 
TRANSPIRATION 
12 
Transpiration is the last factor to be considered. 
"Transpiration is the loss of water from living plants 
which occurs as an essential function of their normal 
4 growth . 11 Another definition is , "Transpiration is the 
process of vaporization of water from the breathing pores, 
5 
or stomata of leaf and other vegetable surfaces . 11 Large 
quantities of ground water are lost to the air through 
transpiration and therefore the level of ground water is 
lower during the growing season . In places, the Sheyenne 
River is filled with aquatic growth and along its banks 
there is thick vegetal growth . It is this thick marsh-like 
4Edgar E. Foster, Rainfall and Runoff, Macmillan 
Company, New York , 1948 , p . 283 . 
5 Adolph F. Meyer , C. E. The Elements of Hydrology, 
John Wiley and Sons, Inc . , New York , 1946 . 
13 
vegetal growth that draws heavily on the ground water supply 
of the region. After the first heavy freeze of the year 
kills the vegetal growth, ground water is no longer needed 
to nourish the plants. Therefore, more ground water is 
free to be released into the stream and the discharge is 
increased. This is especially pronounced in the Sheyenne 
River between Sheyenne and Warwick as illustrated by the 
hydrograph. At the Sheyenne station the flow drops to zero 
because the base level is below the bed of the river; 
but at the Warwick station the stream approaches the base 
level until the first killing frost, (see chart page 14 of 
nearby weather station at Devils Lake, North Dakota) at 
which time there is an appreciable increase in the discharge. 
This increase occurs because the base level is raised due 
to lack of transpiration. The hydrograph of the Warwick 
station shows how this base level is raised at the end of 
the month due to the lack of transpiration. Naturally, 
when the ground water level is raised above that of the 
stream level, spring water flows into the Sheyenne. Because 
of the ground water gain, the discharge of the river at 
the Warwick station is increased by about five cubic second 
feet. 
DIFFERENTIAL BETWEEN STATIONS 
The increase in discharge of the Sheyenne River 
between the two water stations can not be explained by 
DAILY TEMPERATURE 
DEVILS LAKE, NORTH DAKOTA 
October, 1950 
Temperature 
1 36 
2 28 
3 23 
4 30 
5 38 
6 43 
7 38 
8 42 
9 42 
10 34 
11 42 
12 36 
13 38 
14 34 
15 40 
16 34 
17 36 
18 36 
19 38 
20 36 
21 First Heavy 27 
22 Freeze 29 
23 29 
24 28 
25 26 
26 33 
27 30 
28 43 
29 35 
30 38 
31 40 
Average 34 . 9 
United States Department of Commerce , Climatological 
Data North Dakota , October , 1950, Vol . LIX , No . 10 , 
Kansas City: 1950 . 
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normal run- off alone. By comparing the total discharge of 
the two stations for the month of October , 1950 , it is 
0 d h h . ~~h h l evi ent tat t e downstream point c arges a muc arger 
volume of water . (See page six . ) The total discharge 
for the month at the Sheyenne station was only 23 acre feet , 
while the Warwick station measured 736 acre feet . The 
difference between these two points is 713 acre feet . 
Next, the estimated precipitation runoff of 182 acre feet 
must be subtracted from the total increase . This amount of 
water must be deducted from the difference because it was 
not yet in the channel at the Sheyenne station . The 
difference between the stations then becomes 531 acre feet. 
Evaporation is the next factor to be considered . 
For the forty mile channel , an evaporation loss of 48 
acre feet was calculated . This amount of water must be 
added to the difference in discharge because the water was 
present in the channel at the upstream point , but not at 
the downstream station . The difference in the two points 
is now 531 acre feet plus 48 acre feet , or 579 acre feet. 
The last factor to be considered is that of 
transpiration . In the Sheyenne-Warwick area , the soil in 
some places is highly permeable and ground water migration 
is quite rapid . Therefore , there is a high degree of 
correlation between the level of ground water and transpira-
tion . Because of the nature of the problem , it is not 
. t>t ' 
water discharged into the Sheyenne because the higher base 
level would be due to the run-off. Thus, because of the 
close correlation between transpiration and ground water, 
it has been possible to make an estimate of transpiration 
loss. The measurement of transpiration loss has been 
described by Meinzer in 1927 in Plants as Indicators of 
Ground Water: U.S. Geological Survey Water-Supply Paper 
17 
577, and in 1939 by Piper, Gale, Thomas, and Robinson, Geology 
and Ground Water Hydrology of the Mokelumne Area, California: 
U.S. Geological Survey Water Supply Paper 780. 
CONCLUSION 
AMOUNT OF INFLOW 
By finding the difference in discharge of the 
Sheyenne River between Sheyenne and Warwick, and by 
estimating precipitation run-off and evaporation, it is 
found that approximately 579 acre feet of ground water 
ente~ed the stream in forty miles. If it were not for 
transpiration losses in the growing months, another 240 
acre-feet of ground water would be available to the 
Sheyenne. 
ECONOMIC VALUE 
In conclusion, the economic value of ground water 
in the Sheyenne-Warwick area appears to be considerable. 
If the aquifer that is contributing to the Sheyenne is 
18 
permeable enough, the flow to the river and the amount 
ordinarly transpired could be recovered by wells controlling 
the gradient of the water table. The illustration on the 
top of page 19 shows how the water table of the region is 
at present higher than the river. With wells or groups 
of wells, it may be possible to control the gradient as 
shown by the illustration on the bottom of page 19. The 
water from these wells could be directed to a main pipe 
line and used by towns, cities, and industry. A filter 
plant would not be needed to purify the water before being 
used because of the nature of the source. 
If the water table gradient were controlled, 
ground water could no longer be released into the Sheyenne 
",( River. Because the level would be too low, neither could -~ · 
~ the vegetal growth along the banks draw on the ground water, ~-
thereby restricting the transpiration loss. The Ground Water 
Branch of the U.S. Geological Survey has estimated that it 
takes 75 to 100 gallons a day per person to meet the water 
&, 
needs in North Dakota. If the water table were controlled, $~~ 
\ "'"'"' ;-,#,,-.,,, 
.. £ o-~ ~~ 
an estimated total of 819 acre feet of water would be 1~ ~ · 
available for commercial use. This is equivalent to about 
26,685,400,000 gallons of water each month--enough to supply 
the needs of over eight million people. If this source 
could be developed and the water transported, many of the 
water supply problems of surrounding towns would be solved. 
• 
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